ABSTRACT : Effect of chemical stress of daily administration of glucocorticoid (dexamethasone @0.125 mg./calf/day) injections on plasma zinc levels, Zn status of body tissues and its distribution in sub cellular fractions, was studied in neonatal buffalo calves. Daily i/m injections of dexamethasone, starting at the completion of 1 week of age and continued till 8th week, led to a significant decline in plasma Zn concentration from 3rd week onwards, which then persisted throughout the rest of the experimental period. In control group, liver had the highest concentration of zinc, followed by heart, muscle, spleen, kidney and testis. In all these tissues, cytosolic fractions had the highest (>60%) zinc levels followed by nuclear, mitochondrial and microsomal fractions. In dexamethasone treated calves, there was a significant increase in the Zn uptake by the tissues of liver and muscle. This increase in zinc concentration was observed in all the sub cellular fractions of liver and muscle, however about 80% of this increase was in cytosolic fraction. It was concluded that glucocorticoid-induced stress caused increase in Zn levels of liver/muscles and decrease in blood plasma zinc, thus indicating a redistribution
INTRODUCTION
Zinc is an essential nutrient for animals and plays an indispensable role in a number of body functions. It is widely distributed throughout the body and about 99% of the total body zinc is intracellular . Many factors can affect the concentration of zinc in blood besides the dietary Zn intake, among these are, acute phase of many disease processes (Falchuk, 1977) , infections like mastitis (Wegner et al., 1973) and during various forms of stressing conditions like administration of hormones like corticosteroids (Flynn et al., 1971 ) and hyper-thermal stress. Most of these studies were carried either in humans or in adult dairy cattle and the information is scanty about the changes in zinc status in young calves subjected to stressing conditions. This experiment was planned to monitor changes in the Zn status of plasma, distribution of zinc in various tissues and in sub cellular fractions in neonatal buffalo calves which were subjected to the stress of daily administration of glucocorticoid (Dexamethasone) injections.
MATERIALS AND METHODS
New born male buffalo calves used for the present study were procured from dairy farm, PAU, Ludhiana and housed in well ventilated, concrete floored calf pens. These calves were milk fed @3.5 kg per calf per day. For this purpose, fresh buffalo milk was obtained daily in the morning and evening and pail fed immediately. Calves were maintained on whole milk diet during the experimental period. Drinking water was available round the clock.
Calves were divided into two groups of five each. Intramuscular injections of 0.9% normal saline and dexamethasone (0.125 mg in 1 ml. of 0.9% normal saline) were administered daily in the morning to the calves of control and dexamethasone group respectively. The treatment was started on the completion of 1 week of neonatal age and continued till the calves attained an age of 8 weeks. Dexona (dexamethasone) M/s Cadila Pharmaceuticals, India was procured from the market.
Blood samples were collected weekly in heparinized and dried collection vials under aseptic conditions. After 8 weeks, the buffalo calves were euthanized by bleeding through the common carotid artery. Tissue samples of liver, kidney, spleen, heart, muscle and testis were collected immediately thereafter. For sub-cellular fractionation of tissues, all procedures were carried out at 0 to 4°C. Duplicate samples (2.5 g) of each tissue were homogenized with 6 volumes of ice cold 0.25 M sucrose in a tissue homogenizer fitted with teflon pestle. The pestle was driven at approximately 1,000 rpm for five up and down strokes of about 5 seconds each. Sub-cellular fractionation was performed as described by Porter et al. (1961) . The homogenates were centrifuged at 600×g for 10 minutes for nuclear and at 8,500×g for 12 minutes mitochondrial fraction. The resulting supernatants were centrifuged at 105,000×g for 60 minutes to separate microsomal fraction from the cytosolic fraction.
Zinc status of plasma, whole tissues and in sub-cellular fractions of various tissues was analyzed by the method of Ludmilla, (1976) . Each sample was digested in nitric, perchloric and sulfuric acid (10:3:1,v/v). Using standards prepared in the same matrix as the digested samples, Zn determination was done by Atomic absorption spectrophotometer (Varian Techtron AA6, Australia).
Weekly means, standard error (S.E) values, comparison between means (Student's 't' test) were carried out by digital calculator. For statistical work, methods detailed by Snedecor and Cochran (1976) were followed.
RESULTS AND DISCUSSION

Plasma zinc concentration
In control group, from a low level in Ist week of life, zinc concentration increased rapidly during 2nd and 3rd week and thereafter declined steadily (figure 1) to a concentration of 16.37 µmol/L at 8th week of life. But for higher values observed during 3rd and 4th week, plasma Zn levels recorded in the present study are in agreement with the reported (Miller et al., 1971; Sawadogo et al., 1988; Carcagno et al., 1994) plasma zinc concentration of 16.9-17.5 µmol/L for young growing calves.
In dexamethazone treated group, the weekly plasma zinc concentrations were significantly lower than the control group averages at weeks 3rd and 4th (p<0.05) and at 5th, 7th and 8th (p<0.01). A continuous downward trend in plasma Zn level was observed from 3rd week onwards (figure 1). Percentage decline in Zn concentration from that of control group was 1.9%, 17.1%, 22.4%, 27.7%, 18.9%, 39.5% and 33.9% during 2nd, 3rd, 4th, 5th, 6th, 7th and 8th weeks respectively.
Lower plasma Zn concentrations in dexamethasone treated calves are in accordance with the findings of Flynn et al. (1971) , Henkin (1974) , Falchuk (1977) and Vallee and Falchuk (1993) . They reported that corticosteroids lowered plasma zinc by 30% to 40%, which persisted as long as the hormone continued to be administered. Weeks et al. (1989) also reported a gradual fall in serum zinc in cattle receiving i/v dexamethasone (2 mg) for 3 days. These results, however, do not agree with the observations of Wegner et al (1973) who recorded that simulation of a stressing condition by a single injection of corticotropin did not affect serum zinc and even extending the duration of stress by giving four consecutive daily injections of corticotropin did not statistically significantly change the serum zinc during 72 h injection period. But their study was conducted on 18 months old or lactating cows, which were administered 1 or 4 corticotropin injections. Therefore varying results in our experiment might be due to lesser age of animals and longer duration of stress because neonatal calves were subjected to dexamethasone injections daily till 8 weeks of age. Thus duration of the stressing condition may be an important factor in the stress zinc relationship because statistically significant change in plasma Zn appeared only at 3rd week in our experiment.
Zinc concentration in tissues and sub cellular fractions
Mean values of Zn concentration of various tissues and in sub cellular fractions are presented in table 1.
In control group, highest zinc concentration (figure 2) was observed in liver followed by heart, muscle, spleen, kidney and testis. Zinc concentration in sub cellular fractions (table 1) of above mentioned tissues, showed highest concentration in cytosolic fractions followed by nuclear fractions. Mitochondrial and microsomal fractions had comparatively low Zn levels. These results were generally in accordance with those carried out by other workers (Saylor et al., 1980; Laflamme et al., 1985; Jenkins, 1989) .
Administration of dexamethasone resulted in a significant (p<0.05) increase in Zn levels of liver and muscle. On the basis of Zn concentration in sub cellular fractions, there was significant (p<0.05) increase only in the cytosolic fractions of liver and muscle Of the increased zinc, 11.2% and 12.4% was observed in the nuclear fractions; 80.2% and 78.5% in the cytosolic fractions of liver and muscle respectively (figure 3). Mitochondrial and microsomal fractions of these tissues showed only marginal increase. Zinc concentrations of other tissues were not significantly different from the values of control group (figure 2).
These findings can be explained on the basis of role played by liver in zinc metabolism. Once infused into the venous system, zinc is cleared within 3 h (Montgomery et al., 1943; Vikbladh, 1950) . It is taken up by liver and eventually appears in pancreas, kidneys and other tissues, suggesting that liver may be central to zinc transfer and distribution (Endre et al., 1990) . Zinc uptake by liver from plasma may be among the earliest steps in the body's response to a number of physiological stimuli. Hormones like corticosteroids or estrogen lower plasma zinc by 30-40% and this persists as long as the hormones continue to be administered (Falchuk, 1977; Flynnn et al., 1971; Henkin, 1974) . All of the hormone's effects are believed to be associated with an increase in zinc uptake by liver. Further, synthesis or release of leukocyte endogenous mediator (LEM), a Zn-binding ligand, is reported to be increased by stress, causing an increase in liver uptake of zinc, resulting in decreased plasma Zn (Brewer and Prasad, 1977) . Therefore, calves stressed by continuous administration of glucocorticoid injections might be expected to show increased Zn uptake by liver.
Most of the increased zinc in liver and muscle appeared in their cytosolic fractions. This could be due to the binding of zinc to metallothionein. A number of physiological agents including hormones like dexamethasone, induce metallothionein synthesis in vivo (Vallee and Falchuk, 1993) . The excess Zinc, which accumulates in the cytosolic fraction of liver almost exclusively bind to this low molecular weight zinc binding protein called metallothionein & it has been reported in rat (Chen et al., 1974) , calf (Kincaid et al., 1976) and goat kids (Tanabe, 1980) . Metallothionein has been thought to regulate zinc metabolism.
Results of this study pointed towards alteration in Zn metabolism and homeostasis in neonatal buffalo calves, which were under stress due to continuous administration of glucocorticoid (dexamethasone) injection. Increase in Zn uptake by liver led to reduced plasma Zn levels, indicating a redistribution of zinc within the body. From liver zinc might appear in other tissues like muscles. 
